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Edge-based Loops for Flux Computation

� Used inside Newton loop in every residual evaluation

� Used inside Krylov loop in every matrix-vector product

n1

n2
read variables

n2

n1

update variables

momentum ( ),x,y,z

n1

n2

Variables at edge:
     identity of nodes,
     

density,

energy,
pressure

Variables at each node:

orientation( x,y,z )

n2

n1

compute

D. K. Kaushik, ANL & ODU 16 Jun '99
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Integration with the Library - PETSc

(http://www.mcs.anl.gov/petsc)

Initialization
Application

PETSc

KSPPC

Linear Solver (SLES)

Matrix VectorNonlinear Solver (SNES)

Main Routine

DA

Function Jacobian Post-
Evaluation Evaluation Processing

D. K. Kaushik, ANL & ODU 16 Jun '99
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Parallel Performance of Incompressible Solver on Cray T3E

ONERA M6 Wing Test Case, Tetrahedral grid of 2.8 million vertices (about 11 million unknowns) on

upto 1024 Cray T3E 600 MHz processors

128 256 384 512 640 768 896 1024
0

0.5

1

1.5

2

2.5x 10
4

Avg. Vertices per Proc.

128 256 384 512 640 768 896 1024
0

500

1000

1500

2000

2500
Execution Time (s)

128 256 384 512 640 768 896 1024
0

0.2

0.4

0.6

0.8

1

1.2
Implementation Efficiency

128 256 384 512 640 768 896 1024
0

10

20

30

40

50
Nonlinear Iterations

128 256 384 512 640 768 896 1024
0

20

40

60

80

100
Mflop/s per Proc.

128 256 384 512 640 768 896 1024
0

20

40

60

80
Aggregate Gflop/s

D. K. Kaushik, ANL & ODU 16 Jun '99



P
a
ra
lle
l
P
e
rfo
rm
a
n
ce
o
n
C
ra
y
T
3
E
,
co
n
td
.

E
�
cien
cy

C
om
m
u
n
ication
su
stain
ed
su
stain
ed

in
n
er

h
alo

M

op
/s

total

p
rocs
its

tim
e
sp
eed
u
p

�
a
lg

�
im
p
l

�
o
v
e
r
a
ll

p
rod
.

exch
.

p
er
p
roc.

G

op
/s

128

37
2,288.5s

1.00

1.00

1.00

1.00

7%

3%

87.6

11.2

256

38
1,213.5s

1.89

0.97

0.97

0.94

8%

4%

85.7

21.9

512

41

658.6s

3.47

0.90

0.96

0.87

9%

4%

84.0

43.2

1024

42

394.6s

5.80

0.88

0.82

0.72

20%

6%

74.7

76.5

�

P
rin
cip
al
n
on
scalin
g
featu
re
is
g
lo
b
a
l
in
n
e
r
p
ro
d
u
c
ts
(grow
in
g
to
2
0
%

of
execu
tion

tim
e
for
1024
n
od
es),
d
u
e
m
ostly
to
syn
ch
ron
ization
d
elays

D
.
K
.
K
a
u
sh
ik
,
A
N
L
&

O
D
U

1
6
J
u
n
'9
9



M
u
ltith
re
a
d
in
g
fo
r
S
y
n
ch
ro
n
iza
tio
n
R
e
lie
f

�

T
yp
ical
critical
p
ath
in
a
n
on
lin
ear
im
p
licit
m
eth
od
:

.
.
.
,
s
o
l
v
e
,
b
o
u
n
d
s
t
e
p
,
u
p
d
a
t
e
,
s
o
l
v
e
,
b
o
u
n
d
s
t
e
p
,
u
p
d
a
t
e
,
s
o
l
v
e
,
.
.
.

�

T
h
ere
are
oth
er
u
sefu
l
op
eration
s
to
p
erform
,
o�
th
e
critical
p
ath
:

{
refresh
Jacob
ian

{
test
convergen
ce

{
ad
ap
t
continu
ation
an
d
algorith
m
ic
p
aram
eters

{
p
erform
interp
rocessor
com
m
u
n
ication
an
d
d
isk
I/O

{
visu
alize,
�
lter,
com
p
ress,
d
ata
m
in
e,
...

�

S
om
e
\o�
th
e
p
ath
"
tasks
en
joy
con
sid
erab
le
locality

�

P
arallelizab
ility
of
\n
aked
"
sp
arse
lin
ear
p
rob
lem
s
m
ay
b
e
u
n
realistically
p
essim
istic,
rela-

tive
to
fu
ll
sim
u
lation
s

D
.
K
.
K
a
u
sh
ik
,
A
N
L
&

O
D
U

1
6
J
u
n
'9
9



E�ect of Data Partitioning Strategies:

pmetis vs. kmetis

� pmetis attempts to balance the number of nodes and edges on each partition

� kmetis tries to reduce the number of non-contiguous subdomains and connectivity of the

subdomains

� We observe that kmetis gives slightly better scalability (especially when granularity is large)
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